Abstract: This study aims at comparison of BIS (Bureau of Indian Standards) and ACI (American Concrete Institute) methods of concrete mix design. However both methods are built on basis of some basic principles and empirical relations but some minor differences exist between them. M25, M35 and M45 grades of ordinary strength, medium strength and higher strength were chosen. 27 cube specimens (15 cm sides) and 27 cylindrical specimens (15 cm diameter, 30 cm height) were prepared by BIS and ACI concrete mix design methods respectively. These specimens were tested after 7days, 14 days and 28 day of curing. Material quantities required for manufacturing one cubic meter concrete by both methods were calculated numerically under codal provisions. Some differences were found in quantities calculated by both methods. Major differences were noticed in compressive strengths of specimens made by both methods. It was also noticed that cracked specimens of both methods show a great similarity in their cracking pattern.
Introduction
Concrete usage is increasing with the advancement of Indian economy boosting the infrastructure. Strength of concrete is studied as major parameter and subject for consideration into application in various areas. In simplest form, concrete is a mixture of paste and aggregates. The paste, composed of Portland cement and water, coats the surface of the fine and coarse aggregates. Through a chemical reaction called hydration, the paste hardens and gains strength to form the rock-like mass known as concrete. Within this process lies the key to a remarkable characteristic of concrete: it is plastic and malleable when freshly mixed, strong and durable when hardened. The key to achieving a strong, durable concrete rests in the careful selection and proportioning of its constituent ingredients. The properties and proportion of these ingredients plays a vital role in deciding the physical and chemical properties. Design mix methods helps in deciding the proportions, thus helps in promoting the best method. USA and India have developed their own methods of concrete design which are based on basic principle and empirical relation developed after a number of experiments conducted. This study evaluates the similarities and differences found between ACI (American Concrete Institute) and BIS (Bureau of Indian Standards) mix design methods. It compares the material quantities required for manufacturing one meter cube of concrete using both methods. It also compares the characteristic compressive strength of cube and cylindrical specimens after 7, 14 and 28 days of curing. In India, IS 10262: 2009 is followed for the concrete mix design. In USA code ACI 211.1-91 is used for mix design.
Literature Review
Some research work has been done in this field that gives some basic idea about comparison of BIS and ACI method of concrete mix design.
Singh Amarjit and Gautam Kamal, (2005)
carried out a study and find out very important results. They concluded that BIS method performs better in case of lower strength mixes than higher strength mixes. The fines content in ACI is higher, which makes for higher workability. Presumably, It also contributes to increased strength as the voids are filled,. In the case of ISI, fine aggregate content is reduced as the design strength requirement goes up. Therefore, voids are likely to be higher for higher strengths, thus leading to decreased strength in such cases than the BIS method of concrete mix design. He also said that, in BIS method of concrete mix design the coarse aggregate content is more as that of ACI method. This may result in more workable ACI mix as compared to BIS mix. 
Materials Used

Experimental Programme
Various tests performed on above listed materials to calculate their property parameters, required for concrete mix design. Although the parameters used for BIS and ACI are somewhat different. For defining same property of an ingredient, the parameter used in one method may be different from the other. 
Admixture is added in between adding half the total quantity of water. Prepared concrete is poured in to molds and compacted properly on compaction tables. 27 cube specimens (15 cm sides) and 27 cylindrical specimens (15 cm diameter, 30 cm height) are prepared by BIS and ACI concrete mix design methods respectively. Out of these 27 BIS specimens, 9 specimens are of M25, other 9 are of M35 and remaining 9 are made up of M45. Same is the case with the 27 specimen prepared using ACI concrete mix design method. After preparing these specimens, they are cured in a tank of water. These specimens are tested after 7, 14 and 28 days in digital compression testing machine as per code IS: 516-1959. The results of compressive strength are noted.
Results and Discussion
Quantities of material
Concrete mix design is done for M25, M35 and M45 by both BIS and ACI methods and quantities required for making one meter cube of concrete are calculated and enlisted in tabular form. The calculations indicate that although the design strength (characteristic strength) is the same, the proportion of the ingredients for BIS and ACI mixes are different. Although, the water content results are quite close, the w/c ratios are different, and therefore, the cement content is different between the BIS and ACI results. The calculations show that BIS uses higher cement content than ACI, although both methods tend to increase the cement quantity as the desired strength increases. The high cement content of the BIS method may be owing to the relatively low quality of Indian cement in earlier decades when the codes were produced. Another reason for the high content may be the fineness of Indian cement, which is about 225 m 2 /kg, compared to American cement, 300-500 m 2 /kg. Both methods indicate that fine aggregate content tends to decrease as the desired strength increases. The coarse aggregate content does not seem to change in the case of the ACI method, whereas this tendency is not stable in the case of the BIS method. The w/c ratio is higher in the ACI mix than BIS. 
Compression testing results
All cube BIS specimens of side 15 cm and cylindrical ACI specimens of diameter 15 cm and height 30 cm, tested after 7, 14 and 28 days of curing period. Average strength of specimen is calculated and tabulated below. The results are also shown in graphical representation also. From graphical presentation it is clear that for low strength of M25 mixes BIS method gives better results as compared to ACI mixes. Although for high strength mixes ACI methods give better results as that of BIS. Figure 5 .1 shows that strength gain in BIS method is very rapid as compared to ACI method for low strength mix of M25. Figure 5 .2 and figure 5.3 shows that 7 days strength of M 35 and M45 mix is almost same. But after 14 days, strength gain in ACI mixes leads BIS mixes and finally they show better results.
Demonstration of concrete specimen cracking pattern
Crack behavior of specimen shows that cracking pattern followed by both BIS and ACI specimens is similar. Greater similarities were found between the shapes of broken specimens after 28 days compressive strength test. It was also observed that M25 samples collapse by gentle crushing. M35 samples and M45 samples get fractured by sudden brittle fracture. It was also observed that the shape of broken specimens changes with respect to increase in strength. .8) , specimens follow two inverted cone shape. As the figure depicts that ACI M45 specimens break in two fragments but in case of BIS M45 it does not happen.
Conclusion
Similarities
 Both methodologies are based on same empirical relationships obtained by the experimental result data.  W/C ratio is the main fundamental criteria which is to be set to achieve the required target strength in both the methodologies  In ACI and BIS the specimens of same strength follow same fracture pattern during failure.
Differences
 Compressive Strength: For lower strength i.e. M25 concrete BIS method provides much higher strength than that of ACI method. For higher grades of M35 and M45, ACI method mix gives higher strength than that of BIS method.  W/C ratio: Codal provision of ACI mixes use higher W/C ratio than BIS.  Water content: ACI method uses slightly higher water content as that of BIS method. This leads to more cohesive ACI mixes leading to better workability. In BIS mixes, water content is calculated on basis of nominal maximum size aggregates (NMSA) and required slump value. In ACI mixes water content calculated on basis of NMSA, air entrainment and slump range.  Cement Content: BIS mixes consumes higher cement contents. This may be due to the reason that American cements are much finer as that of Indian cements. Use of higher cement contents make BIS method uneconomical  Coarse Aggregates: In BIS method coarse aggregates content is selected on basis of NMSA and grading of fine aggregates. In ACI method coarse aggregates content selected on basis of fineness modulus and NMSA. It is to be noted that coarse aggregates content reduces with increase in strength for BIS method. Where in case of ACI method Coarse aggregates content remains constant with change in strength  Fine Aggregates: Fine aggregates content goes on decreasing with increase in strength. But ACI method uses higher fine aggregates content than BIS. This provides denser concrete mix of ACI as that of BIS, leading to higher strength.
